Unparameterized and parameterized versions are outlined of a new method for approximating selfconsistent field wavefunctions from first principles at the minimum basis set level for complex molecules containing hydrogen and first-row atoms. The Hartree-Fock selfconsistent field equations for closed-shell molecules are solved, retaining all one-electron integrals, and approximating the two-electron Coulomb integrals, hybrid integrals, and exchange integrals of the form (jAiAjA) and (iAjBli4B) for centers A and B. A symmetrically orthogonalized basis set is used and rotational invariance is achieved by transformation to local axes that are unique for atoms in anisotropic environments. Parameterization based upon first-principle self-consistent field wavefunctions for a large number of molecules yields F-matrix elements to 0.007 atomic units (au), density matrix elements to 0.007 electrons, orbital populations and atomic charges to 0.01-0.02 electrons, orbital energies to 0.01 au, and total energies to 0.02 au (all standard deviations), in computational times only a few times larger than those required for complete neglect of differential overlap calculations.
The accurate calculation of wavefunctions for complex molecules by use of large computers has brought a major area of theoretical chemistry into close comparison with results of experiments. Those theoretical results at the self-consistent field (SCF) level are mostly related to the electron density and to various one-electron properties, e.g., magnetic and electric constants [1] , dipole and quadrupole molecular moments [2] , nuclear magnetic and electric quadrupole coupling constants [3] , conformational energy changes [4] , limited types of reaction energies [5] , bond lengths and angles [6] , force constants [6a, b, and 7] , and ionization potentials [8] ; but not to total energies, electronic spectra, or dissociation energies.
The problem of a complex molecule is that the number of two-electron integrals is of the order of N4/8 for N atomic orbitals. Most approximate molecular orbital methods are of the order of N3, as essentially is the method we report here.
Earlier approximate methods [9] have lost considerable accuracy [9a] , particularly in the neglect or approximation of two-electron integrals and in the achievement of invariance of the wavefunction to the orientation of a molecule in the coordinate systems of the equations for approximations (rotational invariance) [9b]. More recently, fairly accurate approximate methods [6a, 10] We define components of nonspherical atomic orbitals in terms of local principal axes in a unique and consistent way for atoms in anisotropic environments (isotropy in the local environment causes no problem). This approach eliminates the need for invoking single-center averaging processes (e.g., over P., py, and p.) to preserve rotational invariance [9b] , and allows most of the physical content of the N4 two-electron integrals to be retained in passing to a set of N" approximately evaluated integrals over orthogonalized atomic orbitals (OAOs) [11] . This set includes all two-electron integrals of the Coulomb and hybrid types, and important one-and twocenter exchange integrals. Taking ethane as an example, we note that the unparameterized method neglects all but 6 of some 800 unique nonzero exchange integrals over OAOs, and that most of the rest are taken into account in-the parameterized version only implicitly. 
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Pmn = 2 E CmiCni (summed over occupied molecular orbitals) (9) and Etotai = 0.5 E Pkl(Hkl + FkI) + E ZAZBRA, (10) Ik A>B where the nuclei of charges Z are separated by distances RAB.
We use three mathematically equivalent basis sets, (Slater\ B (atomic s -1/2 (orthogonal 4 set/ \set/ set/ The matrix B is block diagonal, containing 2 X 2 blocks that Schmidt-orthogonalize (P2s to else 3 X 3 blocks that align 2p components for first-row atoms along local principal axes, as described below, and 1 X 1 unit elements for is of hydrogen.
The transformation by S -'/2, where S is the overlap matrix in the + basis, then produces the symmetrically orthogonalized set X [11], which differs least from the set 4 in the leastsquares sense [lic] . The basis sets 4p, 4, and 7C and square matrices M (i.e., S, T, V, H, G, and F) transform as X = S--'' 40 = S1-' By4 = R4., m% = RMORt, (11) (12) where t is the transpose, and in the 4 basis the element is
Local principal axes for the atomic set 4 are specified by the eigenvectors of matrices U that transform the 21 + 1 components pm of nonspherical Slater orbitals JA (e.g., for I = 1, Mm = 2pz, 2pM, or 2p.) from the initial molecular reference frame to the principal axis frame. The elements Umn = 2(A)ZA(jumunIA) are also elements of the nuclear attraction matrix V in the 4 basis. For the 2p orbitals of an atom in an anisotropic environment, these principal axes are unique. For example, in ethylene these axes are parallel to the twofold axes of the molecule, and radial, tangential, and normal components result in benzene (D6h). In ethane (D3d) and acetylene (D.oh), only the components along the C-C directions are unique, but the remaining symmetry degeneracy produces no problem. If we order the principal axes according to their eigenvalues, the first and last 2p components lie along directions that, respectively, maximize and minimize the Coulombic interaction with the field of nuclei. These new 2p components are also maximally and minimally disposed to participate in a-bonds and tend to maximize the anisotropies in Coulomb interactions among orbitals on neighboring atoms. Integrals Kinetic-energy integrals are calculated exactly over the Slater orbitals 4, and then transformed to the orthogonal set XC. (21) is the same for all 2p components kA on atom A, and the summations over iA and jA run over 2p components only. When both -A and lB are 2p components, we take an average of KkI terms written for A and for B. 7.880, 7.960, 7.935, 24.708, 25.074, 25.017, 26.354, 123.615, 40.128, 93.727, 92.610, 111.532, 112.343, 112.290, 108.573, 108.745, 182.994, 99.310, 99.531, 99.372, 14.841, 15.746, 26.924, 26.338, 52.540, 52.718, 52.611, 39.097, 79.094, 79.099, 79.066, 77.856, 77.834, 76.642, 76.619, 116.826, 113.478, 113.451, 92.593, 188.038, 211.865, 56.007, 108.858, 75.706, 150.220, 150.236, and 151.369 . The two-center exchange integrals are neglected in the unparameterized method, and -basis values are used for all one-center (0,0)-integrals and for additional (0,0)-integrals of the form (X2SAX2ViAlIX28BX2PJB) ij = 1,2,3; A # B, (22) for which contributions to F-matrix elements are < 0.01 au.
Otherwise, the construction of the F matrix for the unparameterized method is simply a matter of deploying the (1,1)-and (0,1)-integrals discussed in the previous section.
Parameterized method
The single most important modification of the unparameterized procedure is that the empirically evaluated twocenter exchange integrals are used in the calculation of diagonal F-matrix elements for valence-shell basis functions. Other modifications are (a) inclusion of the one-center exchange integrals from the empirical relationships (Eqs. 17 and 18), except in diagonal F-matrix elements for is inner-shell orbitals, (b) neglect of all integrals of the form (22) [14] . Neglect of the two-center exchange integrals is the major source of error and results in total energies and in eigenvalues for valence orbitals that are uniformly too positive [root mean square (rms) errors, 0.15 and 0.03 au, respectively], in hydrogen atom populations that are too large (rms error, 0.04 electrons), and in optimal bond lengths that are too long. The highly systematic nature of these errors is responsible for the much greater success of the parameterized method, which approaches or even surpasses that of considerably more elaborate methods [10] .
Comparisons of optimum geometries and force constants in Table 3 show that the parameterized calculations agree well with the much more elaborate reference SCF and STO-3G calculations [6a, b] Since parameterization is required primarily for valence-shell orbitals, this method can likely be extended to second and third rows of the periodic table without a great increase in the number of parameters.
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